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The activity of acetylcholinesterase (Ache) and
butyrilcholinesterase (Bche) in the blood and the sections
of the heart in white male rats 3 and 13 months old was lower
than in females. In old animals (25 months) difference according
to sex in Ache and Bche activity in the sections of the heart
is absent. In males and females 3 and 13 months developing
under conditions of muscle loads, Ache and Bche activity in
the blood and all sections of the heart was lower, while in
those developing under conditions of hypokinesia it was higher
than in control rats. In rats of all age groups, regardless
of age, sex, or conditions of development, a decrease in Ache
and Bche activity was found from the sinoatrial node to the
heart apex.
Key words: acety"(.holinesterase, butyrilcholinesterase,
hypokinesia, muscle load.
Laboratory work has shown the significance of the
characteristics of skeletal-muscle development as a factor in
determining the level of energy expenditure and activity of the
* Numbers in margin indicate pagination of foreign text.
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vegetative organs in the ontogenesis process, which has found
expression in the "energy principle of skeletal muscles,"
formulated by I. A. Arshayskiy 2-4 The development of the or-
ganism under conditions of systematic muscle load leads to
the economizing of vegetative functions, linked to the streng-
thening c , cholinesterase mechanisms of regulation -9 . In
connection with the fact that in previous works study was made
of changes in activity in, for the most part, true cholin-
esterase without differentiation according to sex  and only
in the blood9 , in the present work acetylcholinesterase (Ache)
and butyrilcholinesterase (Bche) activity was studied not only
in the blood, but also in the tissues of various sections of
the heart in rats (male and female) which developed under
varying levels of muscle load. In addition, the task was
assumed of investigating the changes in acetylcholinesterase
and butyrilcholinesterase activity according to sexual difference
in control males and females during the period from sexual
maturity to old age.
PROCEDURE
Studies were carried out on mongrel rats, male and
female. Animals in groups 1 and 2 (males and females) developed
from 1 to 3 months under load conditions from running on a
treadmill on alternate days with a gradual increase in running
time from 5 to 30 minutes. The third group (males) developed
from I to 3 months under conditions of hypokinesia, created
by being kept in narrow cages. Animals in group 4 (males)
developed from 1 to 13 months of age under load conditions from
N.	 24 .
running on alternate days from 30 to 100 minutes. Rats in
the first three groups were sacrificed at age 3 months and the
rats in group 4 at 13 months. At these same times, rats in
the three control groups of corresponding age and sex, which
developed under normal conditions, being kept in a vivarium,
were also sacrificed. In addition, in connection with the
second task, investigating the changes in acetylcholinesterase
and butyrilcholinesterase up to the period of aging, 3
additional groups of control rats were taken for study: females
13 months old, males and females 25 months old. From each
rat, blood was taken, as well as tissues from three sections
of the heart: regions of the sinoatrial and atrioventricular
nodes and the contractile myocardium of the apex of the left /1000
ventricle. Ache and Bche activity was determined by the method
of A. A. Pokrovskiy6
 in blood plasma and in tissue extracts
from the heart sections and was expressed in micromoles per
gram or per ml per minute. The substrate for determining
Ache activity was acetylcholineloride and for Bche, butyril-
choliniodide. The data were processed statistically according
to Student.
RESULTS OF THE INVESTIGATION AND DISCUSSION
In comparing the data from the control animals 3,
13, and 25 months old it is clear that the activity of the
enzymes under study in the blood is lower in males than in
females: Ache by 60, 39, and 32% and Bche by 70, 49, and 63%
3
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respectively (see table). Comparison of the enzyme activity
values from the sections of the heart also shows that in males
of 3 and 13 months they are significantly lower than in
females. In old rats (25 months) the sex-related differences
in activity values for Ache and Bche in the sections of the
heart are leveled out or are absent. In the blood these
differences do not disappear, but for Bche they even increase
in comparison with 13 month olds.
Development of animals under conditions of systematic
muscle loads induces a significant decrease in Ache and Bche
activity in males and females as compared to the values in
control rats of corresponding age and sex. in 3 month old
males this decrease, in the majority of tests, is much sharper
than in females of the same age. Ache activity in the blood
of male test animals was lowered., compared to control males,
by 33%, while in test females the figure was 25%. The degree
of decrease in Ache and Behe activity in test males in the
atrioventricular node (by 65 and 69%) and Bche activity in
the myocardium (key 70%) compared to the decrease in test
females (by 46, 38, and 35%) is also quite sharp. In the
remaining cases no substantial differences were found in the
degree of decrease in Ache and Bche activity in test males
and females as compared to control animals. With regard to
the decrease in the absolute values of all the indices under
study in test males of 3 and 13 months, they were in all cases
significantly lower than in test females.
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The development of males from 1 to 13 months under
conditions of hypokinesia leads to the opposite changes in
the activity of the enzymes under investigation. In them a
significant increase is noted in Ache and Bche activity in
the blood and in almost all sections of the heart (by 61--91%)
compared to 3 month old control males. In the sinoatrial and
atrioventricular nodes the increase in Ache activity under
hypokinesia was markedly less (by 46 and 31%).
Examination of the dynamics of the changes in Ache
and Bche in the sections of the heart allows the determination
of a decrease in the activity of these enzymes from the sino-
atrial node to the atrioventricular node and to the apex of
the heart. This decrease of 40-58% in the majority of cases
takes place in all control and test rats regardless of age,
sex, and level of muscle activity. Only in 3 month old control
females is the gradient of enzyme activity less pronounced.
It should also be observed that in the blood Ache
activity is higher than Bche activity, while in the heart
tissues, on the other hand, Bche activity is higher than or
does not differ from Ache activity.
The sharp differences according to sex, revealed in
the study, of the activity level of enzymes that break down
acetylcholine in control rats allows us to assume a higher
level of cholinergi c background in regulation in males than
in females. These differences are more sharply pronounced in
the third month of life (the period when sexual maturity
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begins) and decrease somewhat by 13 months -- the end of the
reproductive period, when the first symptoms of aging appear.
Previous laboratory works 10 , 11 have shown that male
and female rats differ in the level of development of their
skeletal musculatvrc and the level of energy and activity
in their vegetati•,^e organs. In males, the 02 requirement
and heart rate at 4 and 13 months are 13, 18, 15, and 16%
lower respectively than in females 10 '11It may be assumed
that lowered Ache and Bche activity in the blood of males
	 /1002
provides a more pronounced economizing of energy expenditure
in them at rest than in females. Lowered Ache and Bche ac-
tivity in the region of the sinoauricular node in 3 and 13
month old control males coincides with lower heart rate values
in these age groups (305±9.1 and 292±4.7 per minute) as
compared to the females (36015.1 and 34413.9 per minute). Since
tonus vagus is hardly pronounced in rats 2 , it may be assumed
that the lower heart rate values in males are due to lowered
Ache activity in the pacemaking node of the heart. By old age
(25 months), sex-related differences in Ache and Bche activity
in tissues from the sections of the heart almost disappear.
This may be explained by the decrease in acetylcholine synthesis
in the auricle in old rats, in connection with decreased
choline acetylase activity5 . Our data on the disappearance by
age 25 months of sex-related differences in Ache activity
at the sinoatrial node allows us to assume the absence of
differences in old rats with respect to acetylcholine content
6
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Acetylcholinesterase and butyrilcholinesterase activity in the
blood ( mole/ml/min) and in the cardiac tissues ( mole/g/min)
in rats of various age (males and females): controls (C), those
developing under conditions of muscle load (M) and hypokinesia
(H)	 (M + m) .
Age (In Acet lcholinesterase Activity
months Blood Sinoatrial Node i!
and sex) C M	 H C	 M
3d' 0.86 t 0.58	 1.65 1.54	 1.00 t	 2.	 t
0.03 0.05	 0.01 0„03	 0.009	 0.03
3° 2.14 t 1.60	 - 3.20 t	 2.10 ±	 -
0.01 0.02	 - 0.02	 0.04
13d' 0.95 ± 0.82 t
	
- 1.40 t
	
0.50 f
	
-
0.01 0.01	 - 0.04	 0.007
	 -
13Q 1.55 -	 - 2.65 t
	
-	 -
0.01 -	 - 0.01	 -	 -
25e 1.04 t
-	 -
1.47 ±	 -	 -
0.03 -	 - 0.01	 -	 -
25d 1.53 f -	 - 1.49*t	 -	 -
0.01 -	 - 0.02	 -	 -
Atrioventricular Node M ocardium of Left Ventr.
30 1. 22 t 0.38	 1.60 0.93	 0.39t1.50 t
0.02 0.04	 0.01 0.009	 0.01	 0.03
3 2.60 t 1„40 ±	 - 2.60 f	 1.20 f-
0.01 0.02	 - 0.03	 0.04	 -
13 cd 1.00 f 0.40 ±	 - 0.66 f	 0.29 t	 -
0.01 0.009	 - 0.02	 0.01	 -
139 1.40 -	 - 1.18 ±	 -	 -
0.008 -	 - 0.01	 -	 -
25,,jf 0.05 f -	 - 0.69 ±	 -	 -
0.89* -	 - 0.01	 -	 -
256' 0.89*f -	 - 0.73*±	 -	 -
0.007 -	 - 0.01	 -	 -
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Age (In But rilcholinesterase Activity
months Blood Sinoatrial Node
and sex) C M H	 C M	 H~
c v t1.7 5 ± 1.13	 3.00 f
0.02 0.03 0.01	 0.01 0.01	 0.009
3 ? 2.50 t 1.28 f -	 3.80 t 2.50 t	 -
0.03 0.01 -	 0.009 0.01	 -
13 d 0.75 f 0.45 t -	 1.70 ± 1.46 ±	 -
0.02 0.01 -	 0.03 0.01	 -
13 1.48 f - -	 2.75 ± -	 -
0.003 - -	 0.02 -	 -
25 dt 0.72 f - -	 2.16 ± -	 -
0.008 - -	 0.01 -	 -
25 dl 1.97 t - -	 2.21 f -	 -
0.01 - -	 0.01 -	 -
Atrioventricular Node Myocardium of Left Ventr.
3 d' -.^ J 0.49	 2.90 1.22 t 0.36	 2.00±
0.009 0.01	 0.03 0.04 0.03	 0.02
3 2.90 f 1.80 ±	 - 2.90 t 1.90 t
	
-
0.01 0.04	 - 0.01 0.02	 -
13 d` 1.18 t 0.39 #	 - 0.74 f 0.29 *	 -
0.02 0.01	 - 0.03 0.01	 -
13 1.46 -	 - 1.14 -	 -
0.01 -	 - 0.01 -	 -
25 d' 1.37 f -	 - 0.98 -	 -
0.01 -	 - 0.05 -	 -
25 1.43*f -	 - 1.23 f -	 -
0.02 -	 - 0.006 -	 -
Note. The differences between values in males and females
cvitfiin each age group as well as in groups M and H are
statistically reliable as compared to the corresponding control
group. Unreliability of sex-related differences in groups
of rats 25 months old is denoted by the asterisk *. The number
of 3 month old animals in groups C and M is always 10, in
group H -- 7; 13 month old males in group C -- 10; in all
remaining groups --- 5.
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and choline acetylase activity.
The sharp differences according to sex that we dis-
covered in the activity of the enzymes that break down acety-
choline allow us to conclude that studies on questions of
neuro-humoral regulation in pubertal rats should be carried
out with obligatory division of them according to sex.
Previous laboratory studiesl0oll
 have shown that
muscle loads lead by age 4 and 13 months to a decrease in
basal metabolism in males by 19 and 26% and in females by 23
and 18% compared to control rats of corresponding age and sex.
In test rats of both sexes, the heart rate also decreased in
comparison with control animals. Comparison of data from the
present work with material from previous laboratory studies
allows the conclusion that the decrease in Ache activity in
the blood and in cardiac tissues is associated with the econo-
mizing of energy expenditure and activity of the heart. This
conclusion is substantiated by analysis of the data obtained
from 3 month old males raised under condition s
 of hypokinesia.
Increased Ache activity in them is associated with increased
energy expenditure and heart rate10,11 as compared to control
`	 rats and especially to rats developing from the age of one
month under conditions of muscle load.
A previous study 10 has shown that in rats of both
sexes by age 4 months, the catecholamine content in the adrenal
glands and in the truncus cerebri is raised and in males this
increase is even slightly greater than in females. In connection
9
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with this, the differences by se-x, in energy expenditure and
cardiac activity under resting conditions, as well as the
decrease in these indices in rats developing under conditions of
muscle loads, may basically be explained by the substantial
decrease in Ache activity in the blood and in cardiac tissues.
The decrease we found in Ache and Bche activity in
the direction from the sinoatrial node to the apex of the
heart in rats of all control and test groups is apparently
linked to the gradient of the heart's automatic activity and
to the peculiarities of acetylcholine distribution 13,14 . This
gradient takes place in animals of other species and is
determined, as shownl , from the first day of life.
It should be noted that the dynamics of age-related
changes in Ache and Bche activity in the blood and cardiac
tissues are different in control males and females developing
under normal conditions. In males from 3 to 25 months Ache
and Bche activity changes insignificantly, while in females
a sharp decrease is noted. In this way, the disappearance of
sharp sex-related differences in Ache and Bche activity by
old age occurs basically by way of the decrease among the
females.
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